Introduction
Colorectal cancer (CRC) is the third most common type of cancer among men and among women and is the second leading cause of cancer-related mortality in the United States (1, 2) . It has been estimated that in 2004, about 146,940 new cases were diagnosed, and about 56,730 individuals died of CRC (2) . Approximately 93% of CRC cases occur in people who are aged 50 years or older (3) . Therefore, asymptomatic individuals without known risk factors (e.g., a personal or family history of CRC or adenomas, certain genetic syndromes, personal history of
The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors' affiliated institutions. Use of trade names is for identification only and does not imply endorsement by any of the groups named above. inflammatory bowel disease, endometrial or ovarian cancer) are recommended to undergo CRC screening beginning at age 50 (4, 5) . This recommendation includes either a fecal occult blood test (FOBT) annually, a flexible sigmoidoscopy every 5 years, an annual FOBT plus flexible sigmoidoscopy every 5 years, a colonoscopy every 10 years, or a double-contrast barium enema (DCBE) every 5 years, as recommended by the American Cancer Society. CRC screening has been shown to reduce CRC mortality through identifying and removing precancerous polyps and detecting and treating the cancer in its early stages (4, 5) .
The prevalence of obesity in the United States has increased more than 30% in the past decade (6) . An estimated 64% of U.S. adults aged 20 and older were overweight or obese in 1999 to 2000 (7) . Overweight and obese individuals with a body mass index (BMI) of 25 kg/m 2 or higher are at increased risk for some types of cancers including endometrial, breast, prostate, gallbladder, and colorectal (8, 9) . Studies suggest that higher body weight is associated with higher mortality from CRC (10) (11) (12) (13) . Because overweight and obese individuals are at higher risk for developing CRC as well as at higher risk of dying from CRC, it is important that they obtain the recommended CRC screening.
Previous studies suggested that overweight and obese women are more likely to avoid or delay cancer screening (14) (15) (16) (17) . However, only one of these studies specifically evaluated the relationship between BMI and CRC screening; this study showed that morbidly obese women were less likely to be screened for CRC (17) . The primary purpose of our study was, therefore, to determine whether overweight or obese adults aged 50 and older living in Maryland in 2002 were less likely to have an up-to-date CRC screening than normal and underweight adults. We used the Maryland Cancer Survey (MCS) 2002 as a primary data source to evaluate the relationship between BMI and CRC screening.
Methods

MCS survey design and data collection
The MCS 2002 (18) is a population-based statewide survey on cancer screening and behavioral risk factors among people aged 40 and older. Methods for the survey are based on the Behavioral Risk Factor Surveillance System (BRFSS). Institutional review board approval was received from the University of Maryland and the Maryland Department of Health and Mental Hygiene.
The MCS was conducted by telephone using randomdigit-dialing with computer-assisted telephone interview (CATI) and list-assisted disproportionate stratified sampling. Respondents were eligible to participate in the survey if they were aged 40 or older and lived in a private residence in Maryland. Respondents were ineligible for participation if they were younger than 40 years, did not speak English, lived in group homes and institutions, or were unable to communicate because of a physical or mental impairment.
For the purposes of sampling, Maryland was divided into two geographic strata: urban and rural. The urban area consisted of Baltimore City and seven counties in the Metropolitan Baltimore Washington, D.C., area (Anne Arundel, Baltimore, Carroll, Harford, Howard, Montgomery, and Prince George's). The rural area consisted of the remaining counties in western Maryland, southern Maryland, and the Eastern Shore. The Marketing Systems Group, Genesys Sampling (Fort Washington, Pa), provided 100,000 random telephone numbers. Each geographic stratum had three types of telephone number blocks: listed one plus, not listed one plus, and zero. These blocks corresponded to the number of residential telephone numbers found among a series of 100 numbers. One plus blocks were known to contain at least one residential telephone number and were sampled at a higher rate than the zero block telephone numbers. Rural telephone numbers were oversampled.
Telephone interviews using CATI were conducted by REDA International, Inc (Wheaton, Md), a survey research firm. When someone answered the telephone, the number was confirmed to be a residential phone number. It was determined whether an adult aged 40 years or older was living in the residence. If two or more people in the household were aged 40 or older, one was selected at random for the anonymous interview, which took about 20 minutes to complete. A total of 84,172 numbers were called or prescreened as nonresidential numbers: 51.8% were nonworking numbers, 10.3% were business or institution phone numbers, and 26.3% of were ineligible or excluded for various reasons. Overall, 6.0% of phone numbers resulted in 5071 completed interviews for the survey.
Responses from 31 people who refused to give their race were omitted from the data set for analysis, leaving 5040 respondents. The Council of American Survey Research Organizations (CASRO) response rate, defined as Completed Interviews/(Eligible + Presumed Eligible), was 38.4%. The completion rate, defined as Completed Interviews/Known Eligible, was 65.4%.
The data set was weighted according to BRFSS weighting protocol (19) . The final weight was applied to take into account the sampling probability by geographic region (urban or rural), residential telephone sampling among the three blocks of phone numbers (listed one plus, not listed one plus, and zero block), the number of adults aged 40 and older in the respondent's household, the number of residential telephone numbers in each household, and the number of people in age, race, and sex categories for each geographic stratum.
Statistical analysis
Definition of the analytic sample
A total of 5040 respondents aged 40 years and older participated in the MCS 2002. This secondary data analysis was performed on 3436 people whose age in the data set was 50 years or older, the age at which CRC screening is recommended.
Definition of the outcome variable
Respondents were asked about testing with FOBT and sigmoidoscopy or colonoscopy and the time since their most recent test. Individuals were considered to have up-to-date colorectal cancer screening if they had received an FOBT within the last year, a sigmoidoscopy within the last 5 years, or a colonoscopy within the last 10 years. Individuals who answered "don't know/not sure" or "refused" to the questions about specific cancer screening tests or were unable to specify the time interval since their last screening examination (answered "don't know/not sure" or "refused") were excluded from the up-to-date screening analysis (n = 100).
Definitions of the main study variables
Definitions of overweight and obesity are based on the commonly used BMI. BMI is equal to weight in kilograms divided by height in meters 2 . BMI was subdivided into three weight categories: normal weight or underweight (BMI <25), overweight (BMI 25-29.9), and obese (BMI >30) (20) .
Potentially confounding or effect-modifying variables
We first identified potentially confounding or effect-modifying covariates from the MCS data based on the scientific literature (21) (22) (23) , our views of their importance, and their availability in the MCS. The covariates identified were geographic area of residence (urban or rural), sex, race, age, marital status, education, employment, general health status, health insurance, physical examination in the last 2 years, and CRC screening recommendation by a physician or other health professional. Respondents were considered to have had a recommendation for CRC screening if they had ever received a recommendation for a sigmoidoscopy or colonoscopy or if they had received a recommendation for an FOBT in the last year. We then ascertained the unadjusted associations of these potential confounding or effect-modifying variables with upto-date CRC screening and BMI levels. Variables found to be significantly associated (P < .05) with up-to-date CRC screening, as well as sex and geographic area, were included in the final multivariable analysis. We also examined whether any variables modified the association between BMI and CRC screening by conducting stratified analyses. In the stratified analyses, only sex was found to modify this association.
Analysis
The bivariate analyses with weighted proportions were assessed for significance using the chi-square test and analyzed with SAS version 9.1 (SAS Institute, Cary, NC). The association between BMI levels and up-to-date CRC screening was estimated using multivariable logistic regression models to control for potentially confounding factors. The final model controlled for sex, race, age, marital status, education, employment, geographic area, health insurance, having had a physical examination in the last 2 years, and CRC screening recommendation. The interaction terms between sex and BMI were excluded from the final models because the overall modifying effect by sex was not significant after controlling for all other covariates in the logistic regression model. The unweighted multivariable analyses were performed using SAS version 9.1.
Results
There were 3436 Marylanders aged 50 years and older who participated in the MCS 2002. The surveyed sample is described in Table 1 ; 78.9% were white, 62.4% were women, 56.3% were aged 50 to 64, and 56.8% were married or a partner in an unmarried couple. The weighted percentages in Table 1 show that about 24.0% of Marylanders aged 50 and older belonged to the highest income category of $75,000 or more; 45.2% were retired, 43.0% were employed, 57.3% had some college education or more, and 77.9% lived in urban areas. Table 2 displays the health-care-related characteristics of Marylanders aged 50 and older. Among this population, 95.8% reported having some type of health insurance; 86.8% had visited a health care provider in the last year for a routine checkup, and 93.7% reported having had a routine checkup in the last 2 years. In addition, 40.9% reported having received a recommendation in the last year to perform a home FOBT, and 63.5% reported that at some time they had received a recommendation to have a lower gastrointestinal (GI) endoscopy (sigmoidoscopy or colonoscopy). Combining these two recommendations, 73.2% reported either receiving a recommendation in the last year to have an FOBT or ever receiving a recommendation to have a lower GI endoscopy.
About 33.8% of Marylanders aged 50 and older had received an FOBT within the preceding year; 11.4% had received a sigmoidoscopy within the last 5 years; and 42.0% had received a colonoscopy within the last 10 years (data not shown). Overall, 64.9% of Marylanders aged 50 and older had received an up-to-date CRC screening with FOBT, sigmoidoscopy, or colonoscopy. The remainder either reported never having had CRC screening (25.9%) or having been tested in the past but not being up-to-date (9.3%). Race, age, marital status, education, employment status, health insurance, physical examination in the last 2 years, and receiving a screening recommendation from a health care provider were significantly associated with upto-date CRC screening ( Table 3) . People of other races were less likely than whites or blacks to have had an up-to-date screening. Adults who were aged 65 and older, were married, were currently retired, had higher levels of education, or had health insurance were more likely to have had an up-to-date CRC screening. Up-to-date CRC screening was not associated with area of residence, sex, or self-reported health status. Individuals who had received a physical examination in the last 2 years were more likely to have received an up-to-date CRC screening than individuals who did not have a physical examination in the last 2 years, and individuals who reported receiving a health care provider screening recommendation for either FOBT or lower GI endoscopy were more likely to have received an up-to-date CRC screening than those who reported no provider recommendation. The association with the health care provider recommendation was the strongest.
More than 60% of Marylanders aged 50 and older were either overweight (36.0%) or obese (25.4%) ( Table 4) . Fewer than 40% of Marylanders aged 50 and older were either of normal weight (35.3%) or underweight (3.3%). Sex, race, age, marital status, education, and health status were significantly associated with BMI levels. Men were more likely to be overweight, whereas women were more likely to be normal or underweight; blacks were more likely to be obese than whites or people of other races; individuals with education beyond high school tended to be normal or underweight more often than those with a high school education or less; and individuals in excellent or very good or good health status tended to be normal or underweight compared with individuals who considered themselves in fair or poor health status, who were more likely to be obese. No significant differences in BMI distribution were found by area of residence, employment status, health insurance, time since last physical examination, or screening recommendation from a provider. Table 5 displays the unadjusted associations between BMI levels and CRC screening. There were no significant differences in up-to-date CRC screening rates among different BMI categories (P = .84). Table 6 shows the results of two multivariable logistic regression models examining the association between BMI levels and up-to-date CRC screening adjusted for potentially confounding factors. The first model (model 1) uses only sociodemographic characteristics, whereas the second includes health-care-related variables (i.e., health insurance, physical examination in the last 2 years, and provider recommendation for CRC screening). In the first model, overweight and obese individuals had similar odds of having an up-to-date CRC screening as normal or underweight individuals (OR, 1.07; 95% CI, 0.89-1.27; and OR, 1.07; 95% CI, 0.88-1.30, respectively). In the second model (model 2), the odds of having up-to-date screening for overweight individuals compared with normal and underweight individuals were similar. Obese individuals had slightly lower odds of having up-to-date screening than normal and underweight individuals (OR, 0.84; 95% CI, 0.65-1.09), but this difference was not statistically significant (P = . 19 ).
The addition of health-care-related variables in model 2 does not significantly alter the association between BMI levels and up-to-date CRC screening. Higher odds of having up-to-date CRC screening were found when a routine physical examination had been received in the last 2 years (OR, 2.53; 95% CI, 1.65-3.90). Reporting a recommendation for CRC screening by a health care provider resulted in the highest OR of 36.7 (95% CI, 28.7-47.0).
The results of both logistic regression analyses show that adults aged 65 and older had higher odds of having an up-to-date CRC screening than individuals aged 50 to 64. Higher odds of having an up-to-date CRC screening were also found among individuals with at least some college education than among individuals with a high school education or less. Lower odds of having an up-to-date CRC screening were found among individuals who were employed for wages, self-employed, and not employed than among individuals who were retired. Compared with whites, blacks had similar odds of having an up-to-date CRC screening. Although not statistically significant, individuals of other races had lower odds of having an up-todate CRC screening than whites. No difference was noted between men and women.
Logistic regression analysis was performed for each individual screening test (FOBT, sigmoidoscopy, and colonoscopy) to determine whether there were differences in up-to-date screening by BMI. No differences were found for colonoscopy or sigmoidoscopy. For FOBT in the past year, people who were obese had lower odds of being screened (OR, 0.73; 95% CI, 0.59-0.90) (data not shown).
Discussion
Our results show that 64.9% of Maryland adults aged 50 years and older are up-to-date with CRC screening based on FOBT, sigmoidoscopy, or colonoscopy recommendations for those at average risk. DCBE was not included and may have increased the up-to-date percentage slightly. The majority of Maryland adults aged 50 and older were found to be either overweight (36.0%) or obese (25.4%). The analysis demonstrates that overweight individuals have similar odds of having up-to-date CRC screening as normal and underweight adults. Our analysis also suggests a potential for lower odds of up-to-date screening for obese adults than normal and underweight adults, although this result was not statistically significant. Significant predictors of an up-to-date CRC screening in the multivariable analysis included older age, having some college education or more, and being retired. In addition, we observed that having had a physical examination in the last 2 years and reporting a CRC screening recommendation from a doctor or other health professional were strongly associated with having an up-to-date CRC screening.
Compared with the U.S. population in 2000 (24) , adults aged 50 and older living in Maryland have a much higher up-to-date CRC screening rate (34.0% for the U.S. population vs 64.9% for Marylanders). The high screening rates among Marylanders may be due to the high rates of health insurance coverage as well as to high socioeconomic status. Medicare pays for CRC screening, including colonoscopy. In addition, since 2001 Maryland has required health insurance plans to pay for CRC screening; also since 2001, almost all of Maryland's 24 local health jurisdictionsthrough funding from the Cigarette Restitution Fund Master Settlement Agreement -have funded CRC screening for people with low incomes who are uninsured. CRC incidence rates have shown a steady decline in Maryland since 1997, when the age-adjusted incidence was 61.2 per 100,000, to 2001, when the rate was 52.5 per 100,000. The incidence rate in 2001 was similar to the U.S. rate of 51.8 per 100,000 reported by the National Cancer Institute's Surveillance Epidemiology End Results (SEER). Mortality from CRC also declined in Maryland from 24.5 per 100,000 in 1997 to 21.6 per 100,000 in 2001. The mortality rate in 2001 was statistically significantly higher than the U.S. SEER rate of 20.0 per 100,000. (Rates were age-adjusted to the 2000 standard U.S. population [25] .)
In contrast to the results of our study, which show no statistically significant association between BMI levels and CRC screening, previous studies support an association between BMI and cancer screening. Overall, the studies suggest that overweight and obese individuals are more likely to delay or avoid cancer screening (14) (15) (16) (17) . The authors suggest that there could be multiple factors responsible for this relationship, including concerns about appearance, self-esteem, body image, discomfort with the procedures, and possible negative biases emanating from physicians and health care providers (14) . Most of these studies focused on cancer screening among women and demonstrated that overweight and obese women were more likely to delay or avoid Papanicolaou testing, clinical breast examination, and mammography (14-16). Rosen and Schneider (17) examined the relationship between BMI and CRC screening. Their study showed that morbidly obese women (BMI >35 kg/m 2 ) were less likely to be screened for CRC. Analyzing data from the 1999 BRFSS, Rosen and Schneider used a narrower definition that included FOBT within the last year or endoscopic screening (sigmoidoscopy or colonoscopy) within the last 5 years. The authors also found a low overall CRC screening rate of 43.8% in the United States, whereas our study found a high overall CRC screening rate of 64.9% among Marylanders aged 50 and older.
The high up-to-date CRC screening rate in Maryland could be one reason for our finding of no statistically significant association between BMI levels and an up-todate CRC screening. We also found a similar distribution of BMIs for those who reported receiving provider screening recommendations and for those who did not report receiving the recommendation, which suggests no demonstrable bias among providers recommending screening for or against people in any particular BMI category. Although a study by Teachman and Brownell (26) found that health professionals may have negative implicit attitudes toward obese individuals, we found no evidence of those attitudes in our analysis based on reported provider recommendations.
Previous studies support some of our significant predictors of an up-to-date CRC screening. In a study by Shapiro et al (22) , the authors analyzed data from the BRFSS and found that the reported use of CRC screening tests increased with each decade of age from 50 to 80 and with increasing educational level and income. The study also found that CRC screening rates were not different among whites compared with blacks and that Asian or Pacific Islanders and American Indians or Alaska Natives were less likely to report having a CRC screening test than whites or blacks. Although the odds of having up-to-date CRC screening were lower among people of other races in our study, the result was not statistically significant. It has been shown that self-reported rates of having CRC screening were lower among individuals without health care coverage than among those with health care coverage (22) . The study by Zapka et al (23) also determined that individuals who were uninsured had the lowest current CRC screening rate and that the type of insurance had little impact on CRC testing. Our bivariate analysis showed that people with health insurance were almost twice as likely to report up-to-date CRC screening as people without health insurance. However, when recommendation for screening and having a physical examination in the last 2 years were included in the multivariable analysis, having health insurance was not a significant factor. Having had a recent physical examination and, more importantly, having a health care provider recommendation increased the odds of having up-to-date CRC screening. The results of our study, as well as previous studies (23, 24) , demonstrate that a health care provider recommendation for CRC screening greatly facilitates the screening. Our results also show that about a quarter of all adults aged 50 and older do not report having had CRC screening recommended by a provider, either lower GI endoscopy or a recent FOBT. Therefore, to increase up-to-date CRC screening rates, all physicians should recommend that adults aged 50 and older comply with the guidelines and undergo CRC screening.
Our study has several limitations that could have influenced the results. The MCS data are self-reported by participants, thus introducing the possibility of recall bias. The accuracy of participants' recall of sociodemographic characteristics, height and weight, and provider recommendation of CRC screening and screening occurrence were not verified, which may have affected the results. For example, it is generally known that individuals tend to underreport weight and overreport height, resulting in underestimation of BMI (27, 28) . Those who were screened may be more likely to report having had a provider recommend CRC screening. Furthermore, those who participated in the survey could be different from those who did not participate, resulting in selection bias. Both recall bias and selection bias can underestimate or overestimate the true effect. Finally, the MCS obtains data only from noninstitutionalized English-speaking individuals who live in a household residence with landline telephones, thereby limiting the generalizability of the results.
The study also has several strengths, including the large sample size focusing on the Maryland population aged 50 and older. The MCS primarily uses validated questions chosen from national and state surveys. The survey also provides information on multiple potential confounders.
In conclusion, our study showed no statistically significant association between BMI levels and up-to-date CRC screening. However, data suggest a possible association between obesity and lower odds of an up-to-date CRC screening. Furthermore, the analysis showed that obese adults were significantly less likely to be up-to-date with FOBT than normal and underweight individuals. High upto-date CRC screening rates in the state of Maryland and the seeming lack of bias among providers who recommend CRC screening may have contributed to our finding of no statistically significant association between BMI levels and up-to-date CRC screening. Additionally, high screening rates in the state may reflect the high rate of health insurance coverage among individuals aged 50 and older and the state's requirement that health insurance plans pay for CRC screening. Our results also suggest that to further increase up-to-date CRC screening rates among adults aged 50 and older, health care providers need to recommend appropriate screening procedures for all patients in this age group. Research on the association between body weight and CRC screening is scarce. Our findings in Maryland may not be generalizable to the nation. For these reasons, additional research is needed to verify our findings. The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors' affiliated institutions. Use of trade names is for identification only and does not imply endorsement by any of the groups named above. 
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